Background: Population surveys are frequently used to assess prevalence, correlates and health benefits of physical activity. However, nonsampling errors, such as question order effects, in surveys may lead to imprecision in self reported physical activity. This study examined the impact of modified question order in a commonly used physical activity questionnaire on the prevalence of sufficient physical activity. Methods: Data were obtained from a telephone survey of adults living in Queensland, Australia. A total of 1243 adults participated in the computer-assisted telephone interview (CATI) survey conducted in July 2008 which included the Active Australia Questionnaire (AAQ) presented in traditional or modified order. Binary logistic regression analyses was used to examine relationships between question order and physical activity outcomes. Results: Significant relationships were found between question order and sufficient activity, recreational walking, moderate activity, vigorous activity, and total activity. Respondents who received the AAQ in modified order were more likely to be categorized as sufficiently active (OR = 1.28, 95% CI 1.01-1.60). Conclusions: This study highlights the importance of question order on estimates of self reported physical activity. This study has shown that changes in question order can lead to an increase in the proportion of participants classified as sufficiently active.
Surveys are used extensively to assess the health of populations and provide researchers and policy makers with much needed information on the health status, risk factors, and health behaviors of the population examined. These data allow for comparisons of risk factors between and within populations, and for the identification of trends in health behaviors and outcomes over time. 1 Investigating levels of physical activity is an important public health objective due to extensive evidence confirming that regular participation in physical activity has substantial physical and mental health benefits. 2 Computer assisted telephone interviewing (CATI) is a fundamental method for collecting timely data on the health of the population. 3 As a result CATI surveys have been used in numerous health studies in Australia and internationally. While CATI is seen as a reliable way to gather such information, it is accepted that CATI surveys can be susceptible to a range of nonsampling errors including question order effects. 4 The effect of altering question order in physical activity measurement has not been heavily scrutinized, possibly due to the assumption that habitual behavior, such as physical activity is a solid construct not vulnerable to contextual influences in the way that measures of attitude are. 5 However, the recalling and reporting of behaviors, including physical activity behavior, is a multidimensional process that requires a series of complex cognitive processes to be performed that can lead to errors in recall. [5] [6] [7] [8] [9] These errors arise as it is unlikely that respondents will recall and count every instance of activity, rather respondents usually estimate a reasonable response based on usual behavior; or count occurrences over a short time period (eg, 1 day) and extrapolate over a period of time. 5 According to Schuman and Presser 10 almost all order effects involve questions which are dealing with the same or similar topics. They argue that this occurs due to either part-whole or part-part combinations in questions. Part-whole combinations are seen when there are several questions about the same general topic and 1 question is general in nature and the other is more specific. The part-whole effect is caused when the response to a latter question is influenced and adjusted according to responses to previous questions. Part-part combinations are seen when questions are at the same level of specificity and do not include or summarize each other but may have implications for each other. Part-part effects can occur when respondents attempt to provide consistent responses to questions on similar topics based on their previous response.
Official Journal of ISPAH

www.JPAH-Journal.com ORIGINAL RESEARCH
Much of the existing literature uses examples of attitudinal questions to illustrate how part-whole and partpart combination effects occur; however, it was thought that self-report assessments of physical activity could also be subject to these effects, as respondents labor to accurately recall and report recent and sometimes interrelated behaviors. Furthermore, we surmised that the potential for question order effects is particularly relevant in CATI surveys as respondents do not know the specific questions that will be asked of them, and may respond by adjusting latter responses based on those provided previously. We also suspected that social desirability bias associated with physical activity participation may contribute to this effect by encouraging respondents to offer positive responses to physical activity questions to present a healthy representation of their behavior.
Question order effects have previously been found in several surveys examining physical activity using well known instruments such as the Behavioral Risk Factor Surveillance System (BRFSS) 11 and the International Physical Activity Questionnaire (IPAQ). 12 The current study aimed to examine the influence that question order effects has on the prevalence of sufficient physical activity and the frequency of reporting different activities using the Active Australia Questionnaire (AAQ) 13 in a sample of Australian adults. It was hypothesized that changing the order in which respondents were asked to report on 3 physical activity domains (walking, moderate activity, and vigorous activity) would impact upon the amount of activity reported, and hence effect the results generated by analysis of these variables designed to classify attainment of sufficient levels of physical activity.
Methods Design
Cross-sectional self-reported data were obtained from a sample of 1243 adult individuals through completion of the Queensland Social Survey (QSS), an annual CATI survey conducted by the Population Research Laboratory (PRL) at CQUniversity Australia. Surveys were conducted by trained interviewers in July and August 2008. A 2-staged stratified sampling design was used to randomly select households and individuals in Queensland (an Australian State). All respondents were 18 years of age or older at the time of the survey, and were living in a dwelling unit that could be contacted by a direct-dialed, land-based telephone service. The PRL holds updated databases of telephone numbers covering the entire state. The 2008 Queensland Social Survey sample was drawn from the telephone database by using a computer program to select, with replacement, a simple random sample of phone numbers. Duplicate, mobile (cellular), and business numbers were purged from the computergenerated list where possible. Within each contacted household, 1 eligible person was randomly selected as the respondent for the interview. Up to 5 follow-up calls were scheduled to nonanswered numbers. The sample was stratified by gender to reflect the known characteristics of the population by the 2006 Australian Census and was divided between 2 areas: Brisbane and Moreton statistical division (n = 818, 66%) and the rest of the state of Queensland (n = 425, 34%), which is reflective of the Queensland geographical population distribution. A total of 1243 interviews were completed with an overall response rate of 37.1%. This response rate is similar to other recently conducted CATI surveys. 11, [14] [15] [16] The survey received approval from the Human Research Ethics Committee of CQUniversity Australia.
Measures
Physical Activity. Self-reported physical activity data were collected using the Active Australia Questionnaire (AAQ). 13 Physical activities performed in the previous week were assessed by the AAQ and included; recreational walking, transportation walking, moderate intensity physical activity, and vigorous intensity physical activity.
The AAQ was designed to be administered through either personal or telephone interviews and has been used in annual National Physical Activity Surveys and several state-based surveys. 13 The reliability and validity of the AAQ has been found to be acceptable (see 14, [17] [18] [19] ). There are brief guidelines pertaining to the administration of the AAQ including suggestions for minimizing errors, however no specific mention is made of question item order. Using the data resultant of the AAQ it is possible to determine each respondent's compliance with the current Australian National Physical Activity Guidelines 13 which defines 'sufficient' levels of physical activity as attaining 150 minutes of activity (excluding gardening) through 5 sessions or more throughout the previous week. Standard methods for determining total minutes of PA (vigorous activity weighted by 2) and frequency of engagement 14 were used to determine compliance with current National Physical Activity Guidelines. 20 Analysis was also performed to determine the total minutes of activity reported in all activities and also for each specific activity.
To test the premise that respondents would report different levels of activity based on the order of the questions a modified AAQ order question block was devised for this study. The standard AAQ listed questions in order of recreational walking, transport walking, moderate PA, and vigorous PA, whereas the alternate AAQ block listed questions in order of vigorous PA, moderate PA, recreational walking and transport walking. Although not the principal intention of altering the question order, this change signified a reversal in order of the intensity of activity from the original version, which ranged from less intense to more intense activity, to the modified version, which ranged from more intense to less intense activity. The AAQ modified order block was adapted to include a statement for the respondent and interviewer instruction to exclude reports of walking when reporting moderate activities. This was undertaken to reduce the potential for order effects to be caused by part-whole combinations and the subsequent problem of duplicate reports of activity. As a means to examine possible order effects which may result from changing the standard presentation of the questions this alternate question order of the AAQ was randomly applied to half the sample.
Age Category. Age groups were formed by categorizing respondents' self reported age into one of four age groups based on their self-reported age at the time of the survey. These age categories were 18-34 years, 35-44 years, 45-54 years, and 55 years and over.
Total Education (Years). Each respondent provided information regarding the total number of years they had spent in education (including primary, secondary, technical, tertiary, etc). These data were categorized into 4 groups for analysis. These categories were 0-10 years (approximately equated to up to junior high school education in Australia), 11-12 years (roughly equated to senior high school education in Australia), 13-14 years (some technical or tertiary education), and 15 years or more (extensive technical or tertiary education).
Annual Household Income. Annual household income groupings were formed by categorizing respondents into one of four income levels based on their selfreported combined gross household income at the time of the survey. These household income categories were AUD$ 0-26,000 per annum, AUD$ 26,001-52,000 per annum, AUD$ 52,001-100,000 per annum, and greater than AUD$ 100,000 per annum.
Weighting. Younger people (age 18-34 years) were under-represented in the final sample and older people (> 55 years) were over-represented. To mediate this imbalance the data were weighted according to Queensland Census data population age distribution.
Analysis
Comparisons between sociodemographic variables, question order and physical activity were made using Pearson's χ 2 test. Odds ratios (OR) were derived using binary logistic regression analyses to examine relationships between question order and physical activity outcomes. Two criteria were used for assessing physical activity: "sufficiently active" and "any sessions of activity." The first criterion is consistent with Australian National Physical Activity Guidelines, and classifies participants as "sufficiently active" if participants report greater than 150 min of activity in 5 or more sessions. 20 For the second criterion, any session of each activity was examined and each respondent was classified as either participating in at least 1 session of activity or no sessions of activity. This was done to give an indication of whether there were increased reports of any activity rather than measuring increased number of minutes reported.
A series of General Linear Models was used to examine differences in reported minutes of activity between respondents who received the standard and modified versions of the AAQ. Due to the skewed distribution of these outcome variables z scores were created for recreational walking, transportation walking, moderate physical activity and vigorous physical activity for respondents who reported any minutes of activity and were used in subsequent analysis. As this phase of the analysis sought to examine differences in the reported time spent doing activities among those respondents who reported any sessions of each activity, those with no sessions, hence no minutes of activity, were excluded from the analysis. All analyses were adjusted for gender, age, education, and annual household income. Statistical comparisons were made using PASW (SPSS) version 18.0. An α = 0.05 was used to define statistical significance.
Results
A descriptive summary for the total QSS 2008 weighted sample is displayed in Table 1 . Dispersion of sociodemographic characteristics of respondents was similar between the AAQ standard order sample and the AAQ modified order sample. Overall, the total sample consisted of almost even numbers of males and females. Younger people (age 18-34 years) were under-represented in the (unweighted) sample and older people (> 55 years) were over-represented and data were weighted accordingly. The majority of respondents had completed over 12 years of formal education and had an annual household income of $52,000 or more.
As can be seen below in Table 2 , significant relationships were observed between question order and sufficient activity, recreational walking, moderate activity, vigorous activity, and total activity.
Respondents who received the modified order of the AAQ were more likely to report any sessions of moderate physical activity in the previous 7 days (OR = 2.33, 95% CI 1.79-3.02) and were also more likely to report any sessions of vigorous physical activity in the previous 7 days (OR = 2.49, 95% CI 1.96-3.15) than those receiving the traditional order. As a result, respondents who received the modified order were more likely to be categorized as sufficiently active (OR = 1.28, 95% CI 1.01-1.60).
Correspondingly, respondents who received the AAQ in the modified order were less likely to report any sessions of recreational walking (OR = 0.41, 95% CI 0.32-0.51) than those receiving the traditional order. There were no significant associations between question order and sessions of walking for transportation.
There was no significant difference in reported minutes of activity for recreational walking, transportation walking, moderate or vigorous physical activity between those respondents who received the standard and modified version of the AAQ. A summary of these results is displayed below in Table 3 . 
Discussion
As has been found in other recent studies, 11, 12 changing the order of PA measurement questions did have significant effects on the proportion of respondents reporting various activities in this study. It was found that the behavior measured by the first question seemed to generate the highest proportion of reported activity from respondents, regardless of what this activity was (walking or vigorous activity). This appears to be in the form of reports of any participation in an activity, rather than greater duration (minutes) of activity. This is evidenced by the finding of no significant differences in the amount of activity reported by those respondents who reported any activity. Thus in the current study the increase in reported sessions of participation in moderate and vigorous activity led to a significantly higher proportion of respondents being categorized as sufficiently physically active when asked the questions in a modified order. It could then be argued that changing the order of physical activity measurement questions seemed to result in respondents amassing reports of their activity behavior into the first available option given in a telephone survey. Previous studies have found similar phenomenon, but these have not accounted for part-whole combination effects. For example, Hutto's study, using the standard BRFSS to assess frequency and duration of PA, immediately preceded or followed by additional walking questions demonstrated that while the variable position of the walking questions had very little effect on the levels of vigorous PA reported, the levels of moderate PA reported were significantly impacted by this change. The proportion of respondents reporting regular moderate PA was almost 10 percent lower when respondents received the walking questions first, than when they received the standard BRFSS PA module (which has moderate PA questions first) before the ancillary walking questions. 11 This likely occurred because there was an overlap in the mind of the respondent regarding classification and reporting of walking as moderate intensity activity or walking as a designated activity. 11 As the BRFSS moderate PA item includes brisk walking as an example of moderate PA, the addition of specific walking questions presents respondents with an unclear situation (with no instruction given) of whether they should report the same behavior twice. This may be an example of a part-whole combination effect, as when walking questions were asked before moderate PA questions some respondents may have attempted to report their moderate PA activity in a way that does not include walking, thereby deliberately or perhaps automatically omitting this information.
However, the current study used a large sample and attempted to control for question order effects caused by part-whole combinations by including a statement in the modified AAQ directing respondents not to include walking in reports of moderate physical activity. Even with this control in place, positioning the vigorous and moderate activity questions before the walking question produced a significant increase in reports of these activities, particularly vigorous activities. This resulted in an increase in the proportion of respondents being categorized as sufficiently active (according to the standard AAQ criteria for determining sufficient physical activity). If the observed order effect was not due to respondent ambiguity of whether walking was to be reported as walking or moderate activity (an example of part-whole effects) the effect may have arisen due to a part-part combination effect. Such an effect would result in respondents reporting moderate and vigorous activity due to a perceived desirability of reporting any time doing physical activities. Evidence of social desirability specifically related to physical activity reporting has been documented in several papers. 21, 22 In other studies this effect has not been identified, but could be implied. For example, in Barnett's study the wording of the IPAQ PA questions (IPAQ-S7T) remained unchanged, however the order of the questions was modified to ask respondents to report vigorous activity last (after walking and moderate PA), rather than first as was the original design. It was observed that there were greater reports of vigorous activity and lower levels of walking when vigorous activity was asked first, as compared with the alternate order. The authors stated that while changing item order may not significantly affect the proportion of participants meeting the national PA guidelines, the reporting of different PA intensities (vigorous, moderate, walking) could be significantly affected. 12 One could argue that a part-part combination effect had occurred here, leading to respondents over-reporting the first activity and then (to balance) under-reporting subsequent activities. These findings are of a concern for users of PA survey data and further research is warranted to determine the validity of self-reported physical activity behavior in CATI surveys. It may be advisable to add detailed introductory statements when measuring PA in CATI surveys. As an aural mode of questioning means respondents are unaware of what is coming next in the survey it is recommended that when measuring physical activity behavior through a series of questions about different activities, the interviewer should read an introductory statement which informs the respondent that the questions are seeking information on several activities. The statement should list each activity to be reported, for example: "I am now going to ask about your physical activities over the past week. We will ask you 4 questions; the first will be about recreational walking, then we will ask about walking for transport and then about any moderate and vigorous activities you may have done." Similarly, to counteract over-reports occurring due to social desirability bias, it may be advisable to begin all physical activity behavior question blocks with a question item that will likely elicit a positive response from most respondents, but will not be used to calculate activity behavior. For example: "In the last week have you done any brisk walking or other activities (such as cleaning) around the home or garden?" The addition of a question which most people will be able to answer affirmatively may reduce respondent feelings of inadequacy and subsequent tendency to over-report other physical activities.
The results of the current study provide valuable insight into the issue of question order effects when gathering self-reported physical activity information in CATI surveys. However, it should be noted that there are several limitations of the current study including use of an earlier (original) version of the AAQ. In this original version there are 2 separate walking questions, one for leisure related walking for at least 10 minutes and one for transportation related walking for at least 10 minutes. This version is retained in use by the PRL to allow comparison with data collected by the PRL before modification of the AAQ to permit secular trends to be examined. 23 The current AAQ combines leisure and transport walking. This is seen as having little impact on the current study due to the small change in reports of transportation walking between the traditional and modified order AAQ. Another limitation is that while order effects were found, neither version of the AAQ (traditional or modified) could be deemed as a more valid way to present the questions due to a lack of objective measures of activity and is an avenue for future research. Another limitation of the study is that, although the current study adjusted for potential cofounders of estimates in physical activity, it is unknown if particular population groups are more at greater risk of misreporting physical activity due to question order effects. This is an avenue for investigation in future studies.
Conclusion
This study contributes new knowledge to the small body of literature regarding the occurrence of question order effects when collecting self-reported physical activity information in CATI surveys. Specifically, this study has shown that it is possible for such effects to occur even when question overlap (part-whole effects) as a cause have been eliminated. This study has also shown that if these effects occur they may lead to an increase in the proportion of participants classified as sufficiently active using certain measures. This may be in part due to the desire of respondents to report any type of physical activity and subsequently over-report the frequency of the first mentioned activity. The findings of this study emphasize the need to minimize the effects of social desirability bias, and if possible, to add a clear instructional statement before questions about physical activity behavior in CATI surveys.
